A simple chemically defined medium containing sodium acetate (37 or Isolation of bacterial walls. Organisms were grown at 30°C in nutrient broth (500 ml) in shaken 2-liter flasks and were harvested as soon as the density reached about 1 mg (dry weight of bacteria) ml-'. The bacteria were broken, and walls were isolated as previously described (3). Walls were hydrolyzed with 6 M HCI for 18 h at 105°C (before chromatography and assay for amino acids) or with 4 M HCl for 1 h at 100°C (before chromatography of sugars).
Organisms and growth conditions. Most of the bacteria were newly isolated (as described below) from soil collected in the Sheffield area. The sources of other strains have already been given (17, 19) . Medium A3 (19) was used for isolation; it contained 5 g of sodium acetate trihydrate liter-' (37 mM acetate) unless stated otherwise. Supplements (when added) were (milligrams liter-'): L-glutamate, 1,000; thiamine, 10; biotin, 0.001.
Isolation of new strains. Moist soil (about 1 g [wet weight]) was dispersed into 5 ml of sterile water. For pasteurization, the suspension was heated to 60°C for 30 min. Medium A3 (50 ml) with various supplements (see Table 1 ) in a 250-ml flask was inoculated with 1 ml of soil suspension and incubated at 30°C with shaking. The next day, a loopful of the culture was streaked out onto solid medium of the same composition as that in the original flask. The plate was incubated at 30°C aerobically until individual colonies were well defined. Bacteria from single colonies were examined microscopically and streaked out again on fresh plates of the same medium. Organisms from a single colony on the second plate were transferred to slopes of nutrient agar, grown overnight at 30°C, and then kept at 2°C.
Isolation of bacterial walls. Organisms were grown at 30°C in nutrient broth (500 ml) in shaken 2-liter flasks and were harvested as soon as the density reached about 1 mg (dry weight of bacteria) ml-'. The bacteria were broken, and walls were isolated as previously described (3) . Walls were hydrolyzed with 6 M HCI for 18 h at 105°C (before chromatography and assay for amino acids) or with 4 M HCl for 1 h at 100°C (before chromatography of sugars).
Paper chromatography. Descending chromatograms were run on Whatman no. 1 filter paper at room temperature. Solvent A (15) was methanol-pyridine-11.6 M HCl-water (80:10:2.5:17.5 by volume), and spots were revealed with ninhydrin (3). Solvent B (18) was ethyl acetate-acetic acidwater (45:10:10 by volume), and spots were revealed with p-anisidine (1).
Bacteriological tests. Shape and motility were determined by phase-contrast microscopy of organisms from cultures in nutrient broth after various times of incubation at 30°C. Spores were also examined microscopically before and after release from the mother bacteria.
The catalase test (2) (2) . Tubes of this medium (5 ml) were incubated for 4 days at 30°C, and positive results were indicated by turbidity resulting from growth. Hydrolysis of starch was recognized as described before (17) . We assessed tolerance to salt by streaking out organisms onto nutrient agar containing 5% (wt/vol) NaCl and incubating the culture for 2 days at 30°C (6) . The methyl red and Voges-Proskauer tests were done as described by Cruickshank (2) . RESULTS Sporeformers were also isolated from the same soil (after pasteurization) on plates of nutrient agar and of soil extract agar (6) incubated at 30°C. Ten strains were distinguished on the basis of colony morphology and microscopic appearance. Again, most of these (eight strains) resembled B. cereus or B. megaterium; the other two strains were smaller rods, with cylindrical spores in central positions in swollen mother cells. When the concentration of acetate in medium A3 was raised to 74 mM, strains of B. sphaericus could still be isolated from soil (see below). When the concentration of acetate in medium A3 was decreased to 15 mM or lower, the bacteria which grew first from unpasteurized soil were mostly small gram-negative rods (about 3 by <1 ,um), and no organisms resembling B. sphaericus were seen.
Isolation of Arthrobacter species. The predominant organisms that grew in medium A3 (74 mM acetate) after inoculation with unpasteurized soil and incubation for 48 h at 30°C were B. sphaericus and Arthrobacter species (Tables 1 and  2 ). All the strains identified as Arthrobacter were gram positive and showed a change of shape, from being mainly rods in cultures incubated for up to 2 days, to almnost entirely cocci after incubation for 8 days. The cocci reverted to rods when put into fresh medium, but after incubation for 8 days the transition to the spherical shape had again occurred.
Nearly all the strains of B. sphaericus and of Arthrobacter grew on unsupplemented medium A3 even though many had been isolated from medium containing two vitamins or glutamate (Tables 1 and 2 ). The only species of Arthrobacter that can grow in such a simple defined medium without growth factors are A. globiformis and A. simplex (8) . Neither of these species should have meso-diaminopimelate or arabinose in the wall; the peptidoglycan of A. globiformis contains lysine, while that of A. simplex contains LL-diaminopimelate (9). However, this distinction might be obscured if the composition of the peptidoglycan was altered during the transition from rod to coccus (5, 14) .
Walls of B. sphaericus and Arthrobacter strains. The vegetative peptidoglycan of B. sphaericus contains lysine and no diaminopimelate (7, 13) , whereas the peptidoglycans of most other species of the genus Bacillus contain diaminopimelate and not lysine. Hydrolysates of walls from selected strains were therefore examined chromatographically (Table 3 ). Of 16 strains tested, 2 strains (RW8 and RW37) were found to contain diaminopimelate and are probably incorrectly named as B. sphaericus; the other 14 strains contained lysine and no diaminopimelate. Incubation of the walls with trypsin during Table 2) , strains of Arthrobacter could be divided into four groups. Walls of a representative strain from each group were isolated, hydrolyzed, and examined by paper chromatography with solvent B (4 M HCl hydrolysate) to test for arabinose and with solvent A (6 M HCl hydrolysate) to distinguish between lysine, meso-, or LL-diaminopimelate. Solvent A separated these two isomers of diaminopimelate, and both gave a very characteristic greenish spot (fading to bright yellow) with ninhydrin, whereas the lysine spot was brown and had a higher Rf value. None of the walls from the four groups (RW14, RW17, RW25, RW28) contained rmesodiaminopimelate or arabinose, but all contained lysine; two (RW25, RW28) contained traces of LL-diaminopimelate as well.
Bacteriological tests. Because the isolation and identification of B. sphaericus and Arthrobacter species depended so much on morphology, other comparisons were made among the strains (Tables 2 and 3 ). All strains of B. sphaericus had most of the properties expected for this species (6) , and none could be better assigned to another species on the basis of the tests reported here. Nevertheless, several strains had an atypical feature(s), most commonly the ability to metabolize glucose, which sometimes led to a positive result in the methyl red or Voges-Proskauer test. Such variation of properties among the strains was not unexpected because the five species sometimes named B. sphaericus, Bacillus fusiformis, Bacillus loehnisii, Bacillus rotans, and Bacillus pasteurii are not very clearly differentiated, and the designation B. sphaericus may embrace a spectrum of properties (4).
Krych et al. (11) showed that about 60 strains of B. sphaericus could be divided on the basis of DNA homology into at least five separate groups. The type strain (ATCC 14577) and three other strains make up group I. White and Lotay (19) found that these four strains (and no others) grow with acetate as the sole source of carbon and do not require vitamins. If all the new strains isolated in the present study belong to group I (because all grow with acetate alone), then the diversity of their other properties becomes more surprising.
The new strains of Arthrobacter also were obviously different from each other ( Table 2 ). Keddie (8) (16) showed that this large agglomerate could be divided into related groups on the basis of the detailed structure of the wall peptidoglycan and by DNA homology. Based on these criteria, every group was strikingly different from the others. More work is needed on the strains isolated in the present study to decide how closely related they really are.
Use of an inoculum of pasteurized soil with a medium containing 37 
